Part B: Procedures and Spectroscopic Data
All the solvents were purified before use. DMF was distilled over phthalic anhydride and ninhydrin. All reagents were obtained from Sigma-Aldrich or Fluka (St. Louis, MO, USA) unless otherwise stated. 5-(3-Aminoallyl)-2′-deoxyuridine 5′-triphosphate trilithium salt was purchased from Biosan (Novosibirsk, Russia).
Analytical thin layer chromatography was performed using C18 reversed-phase plates (С18-RP) (Merck, Darmstadt, Germany) and visualized by UV light at 254 nm.
Purification of fluorescently labelled nucleotides was performed using a reversed-phase C18-RP column (Analtech, Newark, DE, USA) and DEAE column (Analtech, Newark, DE, USA). Mass spectroscopic analysis of fluorescently labelled deoxyuridine triphosphates was carried out with a MALDI-TOF mass spectrometer 4800 Plus (Applied Biosystems/MDS Sciex, USA). Mass spectra were recorded in the reflectron mode for positive ions. The 10 mg/ml of α-cyano-4-hydroxycinnamic acid (CHCA) in 50% water/acetonitrile solution was used as a matrix. The 0.2M stock solution of diammonium citrate in deionised water was added to CHCA matrix to the final concentration 10mM in order to keep analyte molecules in ammonium form during MALDI analysis.
The fluorescence spectra of the dyes and modified deoxyuridine triphosphates were recorded using a Cary
Eclipse fluorescence spectrophotometer (Agilent Technologies, Santa Clara, CA, USA), absorption spectra were measured using a Jasco V-550 spectrophotometer (JASCO International Co. Ltd., Tokyo, Japan), and pH values were determined using a Thermo Orion 330 pH meter (Thermo Scientific, Waltham, MA, USA). 
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Carboxypentyl
General procedure for the synthesis of indocarbocyanine dyes (Cy3 dye analogues, see Scheme 1).
A solution of carboxyindolenine (1 mmol) and N,N'-diphenylformamidine (1.2 mmol) in a mixture of acetic anhydride (5 mL) and acetyl chloride (0.33 mL) was heated at 118 °C for 1.5 h. The solvent was removed with rotary evaporator and the crude product thus obtained was used in next reaction without additional purification. The second indolenine (1.68 mmol), acetic anhydride (15 mL) and DIPEA (0.6 mL) were added to the obtained intermediate and heated at 70 °C for additional 5 h. After that, the solvent was evaporated, and the dyes were purified using reversedphase (C18) chromatography (except dye Cy3a+). Cyanine dyes were dissolved in 0.1M triethylammonium acetate buffer (TEAA) and loaded on the column. Elution of the dyes was carried out with linear gradient concentration running from 0.1M TEAA to 50% acetonitrile in 0.1M TEAA. The pure dyes obtained as a triethylammonium salt were converted into its sodium salt in the following fashion: the solution of dye in Milli-Q water was loaded onto the C18-RP column, washed with 0.1 M NaCl and Milli-Q water, and eluted with an acetonitrile-Milli-Q water mixture.
N-(5-Carboxypentyl)-N'-ethyl-3,3,3',3'-tetramethylindocarbocyanine (Cy3a+).
The crude product was previously purified by flash chromatography on silica gel (toluene/ethyl alcohol/triethylamine) and then this solvent system was used to separate a target compound by column chromatography on silica gel. After that, the solvent was evaporated and the residue dissolved in chloroform (10 mL), washed with KBr (1M, 3 x 10 mL). The chloroform layer was separated and evaporated to dryness under vacuum. 
General procedure for the synthesis of indodicarbocyanine dyes (Cy5 dye analogues, see Scheme 1).
A solution of corresponding carboxyindolenine (0.4 mmol) and malonaldehyde dianil hydrochloride (0.4 mmol) in acetic anhydride (4 mL) was refluxed at 118 °C for 2 h. The second indolenine (0.4 mmol), anhydrous potassium acetate (2 mmol), acetic anhydride (2 mL) and acetic acid (1 mL) were added to the reaction mixture and heated at 118 °C for additional 2 h. Water (2 mL) was added to the reaction mixture, and the resulting solution was heated at 90 °C for additional 1 h. After that, the solvent was evaporated and the indocarbocyanine dyes was purified as described for the indocarbocyanine dyes.
1-(5-Carboxypentyl)-1'-ethyl-3,3,3',3'-tetramethylindodicarbocyanine (Cy5a+).
The yield of dye was 72 mg (31% (0.1 mL) in the presence of N,N-diisopropylethylamine (DIPEA) (5 μL) and stirred at +20 °C for 2 h. Then reaction mixture was cooled to -18 °C, and solution of 6-aminohexanoic acid (8 mg, 0.06 mmol) in NaHCO 3 /Na 2 CO 3 buffer (0.1 mL, 0.1 M, pH 9.5) was added and stirred at room temperature for 3 h. The reaction mixture was diluted with 0.1 M TEAA (5 mL), and purified in reverse-phase (C18) chromatography as it is described early. General procedure for the synthesis of cyanine dyes p-nitrophenyl esters (see Schemes 2 and 3). The mixture of dye (0.044 mmol) and bis(p-nitrophenyl) carbonate (26 mg, 0.087 mmol) was dissolved in DMF (1 mL) and stirred at room temperature for 2 h. The mixture was then diluted with water (10 mL) and precipitate obtained was removed by filtration. The filtrate was purified by reverse-phase (C18-RP) chromatography using a water-acetonitrile mixture as eluent. The yields (about 90%) of cyanine active esters were determined based on the absorption values at the corresponding wavelengths (see Table 1 ). Table 1 )
General
The purified fractions containing the target compound were combined and diluted to 50 mL with MQ-water.
The concentration of modified nucleotide was determined using an extinction coefficient of the cyanine dye. The absorbance was measured in three various dilutions of the stock solution in PBS buffer (0.15 M NaCl, 10 mM potassium phosphate, pH 7.4) so that optical density of the samples did not exceed 0. Part C: Oligodeoxyribonucleotides, Tables S1-S2
Sodium salt 5-[4-aza-5-oxo-10-(3,3,3′,3′-tetramethyl-1′-(4-sulfonatobuthyl)-indodicarbocyanin-1-yl)-dec-

1-en-1-yl)]-2′-deoxyuridine-5′-triphosphate (dU(Cy5a3±)TP).
The oligonucleotides (Table S1 ) were synthesized (0.2 μmol each) using an ABI 394 DNA/RNA synthesizer (Applied BioSystems, Foster City, CA, USA).
The M5-3'-FITC oligonucleotide was obtained by the incorporation of a FITC fluorophore (fluorescein isothiocyanate isomer 1, Sigma-Aldrich, St. Louis, MO, USA) at the 3' end of the oligonucleotide according to the manufacturer's instructions. The M5-3'-NH 2 oligonucleotide was obtained by the incorporation of an amino group at the 3' end of the oligonucleotide.
The oligonucleotide primers P1-(Cy3a-) and P2-(Cy3a-) were labelled at their 5' ends using an amine-reactive analogue of the fluorescent dye Cy3 (Cy3a-, Table 1 ) and the technique described below. The synthesized oligonucleotide containing an amino group at its 5' end was dissolved in 40 μl of 0.1 M sodium carbonate-bicarbonate buffer (v/v=1/1, pH 9.9). Acetonitrile (20 μl) was added, and the mixture was cooled to 4 °C. Activated ester of Cy3a-dye (0.5-0.7 mg) was then added, and the mixture was shaken shortly before being incubated at 4 °C for 1 h.
Subsequently, the reaction mixture was stirred for 5 h at 20 °C. After the reaction was completed, the product was isolated from an excess of the dye by repeated extractions with n-butanol, whereupon the labelled oligonucleotide was precipitated with 2% LiClO 4 in acetone. The oligonucleotide primers P1-(Cy5a-) and P2-(Cy5a-) were labelled at their 5' ends using an amine-reactive analogue of the fluorescent dye Cy5 (Cy5a-, Table 1 ) using the same technique described above.
The oligonucleotides were purified using HPLC (buffer A, 0.1 М TEAA; buffer B, 0.1 M TEAA in 50%
acetonitrile; column from MZ Analytical Company, 250x4.6 mm, Hypersil phase, ODS C18 5 μm), followed by electrophoresis in denaturing 20% polyacrylamide gel (19:1 (w/w) acrylamide/bis-acrylamide, 7 M urea; 600 V; thermostabilized 15 cm x 15 cm glass sandwich with 1-mm gel thickness; TBE buffer). After polyacrylamide gel electrophoresis, gel bands were excised, placed into Eppendorf tubes (2 ml) and ground; 400 µl of TE buffer (10 mM Tris HCl, 1 mM EDTA, pH 8.0) was added. The tubes were then incubated at 20 °C for 24 hours. The supernatants were separated from the gel using Spin-X centrifuge tubes equipped with cellulose acetate (0.22 µm pore diameter, Corning, Corning, NY, USA) and precipitated using 2% LiClO 4 in acetone. Next, the samples were desalted on a Sephadex G25 Superfine gel filtration column (Pharmacia, Sweden; volume 1 ml, length 50 mm). The column was washed with Milli-Q water using a peristaltic pump at a speed of 1 mm 3 per second. Sample elution was monitored on a Pharmacia Dual Path Monitor UV2 double-beam sensor (Pharmacia, Sweden). The eluted samples were then reprecipitated by adding ten volumes of 2% LiClO 4 in acetone (-20 °C, 30 min). The oligonucleotides were then dissolved in TE buffer, and the concentrations were measured using a DU 730 spectrophotometer (Beckman Coulter, Inc., Brea, CA, USA) using extinction coefficients (ε 260 , see Table S1 ) calculated according to the nearest neighbours algorithm (4). Concentrations of oligonucleotides labelled with Cy3a-dye were determined based on ε 550 =150,000 M -1 cm -1 in PBS buffer (0.15 M NaCl, 10 mM sodium phosphate, pH 7.2) (see Table S2 ). Concentrations of oligonucleotides labelled with Cy5a-dye were determined based on ε 649 =260,000 M -1 cm -1 in PBS buffer (see Table   S2 ). The concentration of M5-3'-FITC was determined based on ε 494 =51,000 M -1 cm -1 in 10 mM sodium phosphate buffer (pH 7.46) (5).
The oligonucleotides M0-M13, M5-3'-FITC, and M5-3'-NH 2 were used as templates, whereas the oligonucleotides P1-(Cy3a-), P2-(Cy3a-), P1-(Cy5a-) and P2-(Cy5a-) were used as primers in PCRs and in primer extension reactions. a Standard deviations for the values of molar extinction () and quantum yield were 5% and 10%, correspondingly. b The fluorescence quantum yields were determined as described previously (6) using 15% and 27% as the reference values of quantum yield for Cy3 and Cy5, respectively (see Amersham CyDye mono-reactive NHS Esters product booklet and (7)). c The extinction coefficients of Cy3a-and Cy5a-conjugated to oligonucleotide primers (P1-(Cy3a-), P2-(Cy3a-), P1-(Cy5a-) and P2-(Cy5a-)) were calculated based on absorption values at 551 nm and 649 nm, correspondingly, measured at 20 °C and using the values of oligonucleotides concentrations. The oligonucleotides concentrations were calculated using absorptions at 260 nm measured at 20 °C and extinction coefficients for these oligonucleotides derived from the nearest neighbours model (4). Oligonucleotides were heated at 95 °C for 10 min before measurements. Table 1 ). When 10% of the dUTP derivatives were used, the reaction mixtures contained 5х10 The reaction mixtures (25 μl) used for study of nucleotidyl transferase activity of Taq polymerase contained 5х10 -6 M each of oligo1 and oligo2, or 5х10 -6 M each of oligo3 and oligo4 (Table S1 ). Other reagents were added to the reaction mixtures as described above.
PCR.
Tubes with reaction mixtures containing no Taq polymerase were placed into the heating block of the thermal cycler and heated at 94 °C for 5 min. After that, a constant temperature of 64 °C was set, which corresponded to the calculated melting temperatures of the P1-(Cy3a-), P2-(Cy3a-), P1-(Cy5a-) and P2-(Cy5a-) primers and duplexes formed by oligo1 and oligo2, or by oligo3 and oligo4.
After heating for 5 min at 64 °C, Taq polymerase was added to the reaction mixtures, which were then stirred without being removed from the block. The reactions proceeded at 64 °C for 1 h and were terminated by adding 25 μl of 0.5 M EDTA, pH 8.0, into each of the tube.
Part E: Mass spectrometry
Prior to analysis on a MALDI-TOF mass spectrometer, reaction mixtures were desalted in a microcolumn (volume 100 μl, diameter 4 mm) containing Whatman anion exchange DE52 diethylaminoethyl cellulose (Sigma-Aldrich, St. Louis, MO, USA). The microcolumns were equilibrated in Milli-Q water. The reaction mixtures were dissolved in 1 ml of Milli-Q water and applied to the microcolumn. The column with absorbed samples was then washed with 1 ml of buffer containing 0.05 M triethylamine hydrocarbonate and 30% acetonitrile to replace Na ions with triethylammonium. The samples were eluted from the column with 200 μl of buffer containing 0.7 M triethylamine hydrocarbonate and 30%
acetonitrile and evaporated using a vacuum centrifuge (Labconco, Kansas City, MO, USA).
For MALDI mass spectroscopic analysis of the primer extension reaction products, 3-hydroxypicolinic acid (3HPA) in deionized water (35 mg/ml) was used as the matrix. A 0.2 M stock solution of diammonium citrate in deionized water was added to the 3HPA matrix to the final concentration 10 mM in order to keep the analyte molecules in ammonium form during MALDI analysis.
Mass spectroscopic analysis was performed using a 4800 Plus MALDI-TOF mass spectrometer (Applied Biosystems/MDS Sciex, Foster City, CA, USA). Mass spectra were recorded in the linear mode for positive ions.
Part F: Figure S1 . Lane 1 -P1-(Cy3a-) primer; lane 2 -reaction products prepared using natural nucleoside triphosphates. Lanes 3-6 and 7-10 -reaction products prepared using dATP, dCTP, dGTP, increasing amounts of modified dUTPs (10%, 50%, 90%, and 100%) and the corresponding decreasing amounts of dTTP (90%, 50%, 10%, 0%). Lanes 3-6 -dU(Cy5a2±)MP, lanes 7-10 -dU(Cy5a3±)TP.
Part G: Table S3 . 
Figures S2-S3
To study the ability of Taq polymerase to incorporate natural nucleotides during primer extension from DNA templates modified with electrically neutral or positively charged Cy5 analogues, we used the M0 template, which represented the extended M1 template sequence, enabling us to use the "forward" P1-(Cy3a-) primer and the "reverse" P2-(Cy3a-) primer ( Figure S2A and D) .
First, the M0 template was used to extend the P1-(Cy3a-) primer using natural dNTPs or dUTPs modified with electrically neutral or positively charged Cy5 analogues instead of dTTP in the reaction mixtures (scheme in Figure   S2A ). Figure S2B and C (lanes 2-6) shows the separation of the obtained products by PAGE recorded in the Cy3 and Cy5 fluorescence ranges. Further, the gel bands of lanes 2-6 ( Figure S2B and C) containing full-length P1-(Cy3a-) primer extension products were cut out, and the DNA fragments were eluted. Next, these products were used as DNA templates for P2-(Cy3a-) primer extension in the presence of natural nucleoside triphosphates (scheme in Figure   S2D ). Figure S2E and F (lanes 7-11) shows the separation of the obtained products of "reverse reactions" by PAGE recorded in the Cy3 and Cy5 fluorescence ranges (lanes 1-6 in Figures S2E and F just repeated lanes 1-6 in Figure   S2B and C).
The fluorescence signals of the products of "reverse reactions" obtained using the M0 template modified with dU(Cy5a1±)MPs, dU(Cy5a2±)MPs or dU(Cy5a3±)MPs (lanes 8-10, Figure S2E ) were of the same order of magnitude and much higher than the fluorescence signal of the product of "reverse reaction" obtained using the M0 template Lane 1 -P1-(Cy3a-) primer; lane 2 -P1-(Cy3a-) primer extension products using the M0 template and natural dNTPs.
Lanes 3-5 -P1-(Cy3a-) primer extension products using the M0 template and dU(Cy5a1±)TP, dU(Cy5a2±)TP or dU(Cy5a3±)TP instead of dTTP, respectively. Lane 6 -P1-(Cy3a-) primer extension products using the M0 template and dU(Cy5a+)TP instead of dTTP.
Further, gel bands containing full-length primer P1-(Cy3a-) extension products were cut out, and the products were eluted and used as DNA templates in subsequent reverse extension reactions.
D. Scheme of P2-(Cy3a-) primer "reverse" extension. Fluorescently labelled deoxyuridines (dU) of the DNA template are shown in orange.
E and F. Electrophoretic separation of P1-(Cy3a-) and P2-(Cy3a-) primer extension products. A quantitative analysis of gel images shown in Figure S2E and F is presented in Figure S3 . The full-length fluorescently labelled P1-(Cy3a-) primer extension product obtained using template M0 and dU(Cy5a1±)TP instead of dTTP in the reaction mixture (see lane 3 in Figure S2B and C) was also used as a modified DNA template for P2-(Cy3a-) primer extension at the complete replacement of dTTP by dU(Cy5a1±)TP ( Figure S4 ). In lane 2 ( Figure S4B and C) one can observe the upper band corresponding to the DNA template modified with 6 dU(Cy5a1±)TPs, while the P2-(Cy3a-) primer extension product is represented by a short, incomplete chain consisting of the P2-(Cy3a-) primer with only a few incorporated nucleotides, including one or two dU(Cy5a1±)MPs since this product is visible in the Cy5 fluorescence range (the exact terminating nucleotide position was not identified).
Thus, even in the presence of electroneutral dU(Cy5a1±)TP instead of dTTP, Taq polymerase failed to synthesize full-length copies modified with the same dU(Cy5a1±)MPs that had been used in the template. Taq polymerase cannot therefore perform PCRs if dTTP is completely replaced with fluorescently labelled dUTP in the reaction mixture. In addition to the mass spectral analysis of P1-(Cy3a-) primer extension products obtained using the M5 template (see Figure 5 ), the nucleotidyl transferase activity of Taq polymerase was examined using a blunt-ended 21-base-pair DNA fragment formed by oligo1 and oligo2 and an 18-base-pair DNA fragment formed by oligo3 and oligo4 (Table S1 and Figure S5 ). The sequences of oligo2 and oligo4 repeat the sequence of the M5 template from its 5' and 3' ends, respectively. Oligo2 and oligo3 were modified at their 3' ends with NH 2 groups to exclude nucleotidyl transferase activity of Taq polymerase at these ends. The 3' ends of oligo1 and oligo4 were unmodified. Figure S5A and B shows the results of electrophoretic separation of the initial oligonucleotide strands (lanes 2, 7) and the strands after 1 hour of Taq polymerase activity (lanes 3-6, 8-11 ). Figure S5 shows that in the presence of only natural nucleoside triphosphates, the bands of oligo1 in lanes 3 and 4 are rather weaker than in lane 2. One can conclude that Taq polymerase added a natural nucleotide at the 3' end of some of oligo1 molecules; this onenucleotide extended product (oligo1-3'-dNMP) appears to be shifted upward in the gel relative to the initial position of oligo1 (see lanes 3 and 4) . Unfortunately, the position of these upper bands containing oligo1-3'-dNMP coincides with the position of oligo2 in the gel. But fortunately, the same shift can be clearly observed for oligo4 to which one natural nucleotide was added. The shift can be estimated based on the positions of the bands containing oligo4-3'-dNMP (lanes 8 and 9) in comparison with that of oligo4 (lane 7). One can also conclude that Taq polymerase added a natural nucleotide to the CCC-3' end of oligo4 more efficiently than it added a nucleotide to the ACA-3' end of oligo1. As was shown previously (8) , the addition of an extra nucleotide at a 3' end of a DNA fragment by Taq polymerase is sequence dependent. Figure S5A and B also shows that in the presence of dU(Cy5a1±)TP in the reaction mixture, Taq polymerase added dU(Cy5a1±)MP at the 3' ends of oligo1 and oligo4 with rather similar efficiencies (see the bands shifted upward in lanes 5-6 and 10-11, which are additionally marked by yellow ellipses). Both the oligo1 and the oligo4 molecules modified with dU(Cy5a1±)MP at their 3' ends emitted bright fluorescence in the Cy3 -Cy5 widely detectable range.
Thus, the results shown in Figure S5A and B are in agreement with those obtained by the mass spectral analysis. The nucleotidyl transferase activity of Taq polymerase was observed by having both natural dNTPs and dU(Cy5a1±)TP in the reaction mixture, allowing both natural dNMPs and dU(Cy5a1±)MP to be added to the 3' ends of double-stranded DNA fragments. 
Part K: Effect of Τ, C, and G nucleotides adjacent to A on the incorporation of dU(Cy5a1±)MP, dU(Cy5a2±)MP, and dU(Cy5a3±)MP by Taq polymerase during primer extension, Figures S6-S7
The incorporation of dUMPs labelled with electroneutral Cy5 analogues by Taq polymerase was studied in the P1-(Cy3a-) primer extension reaction using the 45-nucleotide M2-M10 templates whose sequences contained one A nucleotide surrounded by three other nucleotides (Τ, C and G) in all possible variants: TAT, TAG, TAC, GAT, GAG, GAC, CAT, CAG or CAC (see the reaction scheme in Figure S6A ). The remaining nucleotide sequences of these templates were identical.
The images of the reaction products after separation by electrophoresis in denaturing 20% polyacrylamide gels recorded in the Cy3 and Cy5 fluorescence ranges are shown in Figure S6B The intensities of the bands described above were digitized from the gel images (the Materials and Methods);
the calculated values of the corresponding normalized fluorescence signals are plotted in the histograms presented in Figure S7A ,B,C. The average value of the signal obtained from the reaction products synthesized in the presence of only natural dNTPs (see lanes 2, 4, 6, 8, 10, 12, 14, 16 , and 18 in Figure S6B ,D,F and the corresponding grey columns in the histograms in Figure S7A D and E. dU(Cy5a2±)TP was used in the reaction mixtures.
F and G. dU(Cy5a3±)TP was used in the reaction mixtures.
The experiments shown in Figure S6 were performed 2 times. A quantitative analysis of the gel images shown in Figure S6 is presented in Figure S7 . A. Primer extension reaction scheme.
B. Electrophoretic separation of the reaction products.
Lane 1 -P1-(Cy3a-) primer. Lanes 2-6 -reaction products prepared in 5 min., 10 min., 30 min., 1 h or 2 h, correspondingly, using natural nucleoside triphosphates and 15 units of Taq polymerase. Lanes 7-11 -reaction products prepared in 5 min., 10 min., 30 min., 1 h or 2 h, correspondingly, using natural nucleoside triphosphates and The experiment shown in Figure S9E and H was performed 2 times. The experiments shown in Figure S9D and G and in Figure S9F and I were carried out one time. A quantitative analysis of the gel images shown in Figure S9 is presented in Figure S10 . The experiments shown in Figure S11 were performed 2 times. A quantitative analysis of the gel images shown in Figure S11 is presented in Figure S12 . one nucleotide, two and three adjucent nucleotides incorporated were measured using M2, M11 and M12 templates, correspondingly (see Table S1 and Figures 6,7 ,S9-S12).
The bars indicate the standard deviations. A. P1-(Cy3a-) and P1-(Cy5a-) primer extension reactions schemes using the M13 template and Taq polymerase.. 
